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Fia£.OFTHEiNYEr^^ 
.,ber partiCes (Known as rubber gels phen* ^s ^^^^^^^^ 

, »„23X > 60 moduli at 100% elongation (S,„„) >- 3.0 Mp 
values/23 C ^ 60, .g^o-oeo"/.). Moreover, the 

vulcanizates produced from the advantageous effect 

620.1 and DE-A 19701487.1 . vulcanizates are 

The mechanical properties of gel-contain, g 
.ot adequate for industrial use, particularly hv r^^^^^^^^^^^^ 
ef,ectonthepartofthemicroge,s.Them du I S t 00^^^^^ 

■ . /r^^ th<:i tfisr Strength (y } neeu ^„ , „ ^ nii 
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nts need to be made without impairing the 

compounds. .^Hnrts such as resorcinol and 

T.e use of phenolic res,n adduds s ^^^^^^^^^ 

, .r.a,de.vde donors s.c. as ^^^^ ,ese ad.esWe 

so-called adhesive compounds ,s k o ^^^^^^^^ ^^^^ .^^^ 

3vsten,s,the rubber compound can ehon^ ^^^^^^^ 
3.ch as meta, cord, glass fabnc, polyam ° P J ^^^^^ ^ ^^^^ 
,Kau.schuK— chfOrdieO— ^^^^ 

531). However, the use of P'^-""-^; .,,3 (^^aulus, elongation 

p,eno,ic resins to improvethe—oaP^^^^^^^^^^^^^^ 

..erefore, there wasatechn..-^^^^^^ 

level of mechanical values ,n ^e^— elongation at 
P3rtioula.vtheproductof.od^^^^^^^^^ 

impairedhvth^er^^^^^^^^^^^^^^^ 

containing uncrossllnKed, double bon ^^^^^^^^^ 
25 rubber particles (B) and phenoi.c res,n a d^ ^^^^^^^ 



10 



15 



20 



10 



Mo6686 

. „,ouo50pansby«eigm,prefera«y0.5to30 
resins(C)mquant,t,esof0.1to5 

parts by weight. can naturally also 

The rubbers acoordmg to the pre e ^^^^ ^^^^^ 

.haln They include, for example, 
the main chain, niey 

Natural rubber 
Polyisoprene 
Styrene-butadiene rubber 

Polybutadiene rubber 
Nitrile rubber 

r::r::r— 



15 



NR-. 

1R-. 

SBR: 

BR-. 
NBR-. 
IIR: 
BIIR-- 

CIIR: 



20 



25 



HNBR: 
SNBR-. 
SIBR: 
CR-. 

ENR-. 

X-NBR-. 

X-SBR-. 
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ofthe above-mentioned type 
double t,ond-con.ain..jb-s ^^^^^^^^^^ 

nalur* be modified by funct^n i gr P ^^^.^ 
lucfsorwithP-ondenseP."*^^^ 
, descdbedbeiow-a^capabe^^^^^^^^^^ 

rubber particles to *e surrounding ru ,,„,«onalized by 

n particuiar, uncrossiinKed .u e * ^^^^ ^^^..^^d. 

The introduction of such fun ..o 9 ^^^^^^^^^^^^ ,,^^^^,3,, 
.Known and described .orexa.pien^^^^^^^^^^^,^^,„,,,en 
.odifixierte Poiymere" in Hou n J^V ^.3. „ 

C,en,ie, 4» edition, -Makromoiekuia ^ gp.^ 

::3gStuttgart,He.VorM0S...^-^^^^^^^^^^^ 

— :::::r::^-cross,in...e 

following rubbers". 

:rrc:*,ac.atecopo,y.ers 

::lX:a>ehecopoiynrerswithstyrenecontenfsoft-eO, 

^'^"*r!i;i-— necopoiyn.^ 
Carboxylated styrene 

Fluororubber 
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BR-. 
ABR-. 
IR: 
SBR-. 
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X-SBR-. 
FKM: 
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ACM-. 
NBR-. 

X-NBR-. 
ENR-. 
CR-. 
UR-. 

BUR-- 
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15 



CUR- 

HNBR-. 
EPM: 
EPDM: 
EAM: 
EVM 



oooUo.5-eO,P«10-50wt./« 
Carboxylated nitrite rubbers 
Epoxidized natural rubber 

Ethylene-acrylate copolymers 
Etine-vlnyl acetate copolymers 



COandecO-.BpicbloroMr— 
nihhftrs 



20 



Q; 
AU 
EU 
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Silicone rubbers 
polyester urethane polymers 

Polyether urethane polymers. .^^^^^.^^ 
Tberubberpaniclest^use-^^^^^^^^^^ 
oonventionallybaveparticted— ^^^^ 

eoo nm (diameters stated ^„,„,,e and in suitable 

xneir crosslinking maKe them ( ^^^^^^ ^, 

p^clpitants, e.. toluene, s— J- ^ , ,oO 

:rr— ^^^^^^^^^ 
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Wet weight o'*®_°'_ 

OTweTgMofthegel 



10 



15 



D.VWe,gmo,...»- „omgofgelare 
,„.et..negeUontenta.s..^^^^^^^^ 

a.c,es(ru.t,e.ge.s)to.e 
^^^%.oat.ct.non.eaos*Kea.t*.^^^^^^^^^^^^ 

,3.o,es.V.eanso,ag^.-^^^^^^ 
aelsbyooagglomerat.on.salso 

Ration DE-A 19« 39 865.. 3t,ove— ned 

Hatu.a,W.*ecrossnKed^^^^ P ^^^^ 
,0 unrfea double booa-con' -g ^^^^^^^^^ _ 

,vsuitablef.nc«ooa,groups,wc^ ^^^^^^^,,,p,3„ndensed 

olpab. of reacting wi* pbeno - s ^^^^^^^^ ^, „,,er pa.,c,es 
phenolic .esmadduotsand/onmpov ^^^^^^^^^ 
0 tbe surrounding rubber matr. :n the ™ ^^^^^^ 

M0*a oros*Ked ^^,^3 and are present . the 

.,drox., carbo... anr.o, a.^^^^^^^^^^^^^^^ JJ^^^^^^ , .e rubber 
p.ev,ousW mentioned c,ua« ^^^^^ 

German patent applicafon NO. 199 
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Reference ,s made aUh,s P ^^^^^^^^ 
oo.espon*gmbbersor™bb rgejs J ^^^^^^.^^^^^^^^^^^^ 

„on*.po.r— 

.ydroxyl, amino, am.do, carboxy ^^^^^^.^^ 

component (C) o, tbe rubb mP ^^^^^^^^ ,,3,, 
>,.en«on conta,ns phenolic res, a^^^^^^^^^^ 
adducts. Tbese are descnbed for 
..Phenolharze" In Uilmanns EnoVCOpa*e ^^^^^ 
------n";r:re:adLsare.a.en.refor,o 

Weinheim. 1979, p. 245-257). Phe ^^^^^^^^ ^^.^^..es. 

p.eno, and pheno, ^^^^ ^^.L,, .Cude alKylated pbeno.s, 

Su,tab,e examples, ,n ^ p^rticoiarty in capped 

cresois,bispbenoiA,resorcinoando-^^^^^^^^^^ 
,orm as paraformaidebyde an ^^^^^^^^^^^^^ ^^^^^^^^^^ 
,;g.er aidebydes, such as butyraldebV ^.^^^^^^ ^^eno, or 

acrolein, cro—M. — 
resorcinolwi*parafo^'^^'^^"^° 

particularly suitable. phenols and aldehydes can also be 

T.e condensation products of phe^ ^^^^^ 
.sed in Place of the phenolic .echnischen 
and resols CPhenolharze ,n ^^'^ J^^,^„, verlag Chemie 
— — !^^^^^^^^^^^^^ and reso. based on 

— j:.a:,:r:;:;^^^^^^^^^^^^ 

,„J::esaccordln.tothepresentin— are.. 
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^ . hiacks for use. in this connection, are 
carbon blacks. The carbon b acks ^^^^^ 

S„-,ca produced e.g. by P-f '^^ ^^^^^^^^^^^ ...^ce areas o, 5- 
«3S. MroWs. 0, area) and primary 

,000, preferably 20^00 m MBET ^^^^^^ ^^^^ 

panicle sizes o, 5-400 nr.. he s, a^^^^^^ ^^^^ 
p^eserrt as .Ixed o^^^^^^e ,,ey are preferably 

used in activated form, i.e. in ^^^^ oegussa-HOIs. m 

bisdriethoxysilylpropyl disuifane), e^g. _ 
,uantitiesof0.5-20partsby«e,gfrt,prefera 

as aluminum silicate, alkaline-earth silicate, 

aluminum oxide. naagnesium 
Metal carbonates, such as calcium 

carbonate, zinc carbonate. 

r*ersandgiassfiberproducts(strips,strandsorgiass 
rrp:l-s^P°'vamide,polyester,aramiae, 
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polybotadlene, synd,otao.o poW V .^^^^^^^ ,„„.3,n 

, ,..er rubber au*rv 3ta..ze., ant,.o.onants, 

3oce,e.ato.s, an—., .e - .^..utfs, 

the rubber industry. ^^^^ conventional 

The rubber auxiliary substances ^^^^.^^^.^^ 

,,3hti.les,wnicbare,overne^---^^^^^^^^^^^^^ 
Lvent:ona,puan«tiesare.tore— ^^^^^^ 

, ,0 parts by wei,bt, '-^^^^^^ ..sslinKing agents, sucb 

sulfur, sulfur donors, perox e ^^^^ ^^^^^^ ^^.^^^ 

3se..diisopropen,ben.enec^^^^^^^^^^^^ 
su,fone,dia,lvipmhalate,tna,, icyanur 
po,ybutadiene,N,N^nn-pbeny.en je,. 

Lnventionally be used as ^^^^^^ ^....^bly dibydric to 
theacrylatesandnretnac^lteofPOV^^^^^^ 
tetrabydricC.tcC,„a,cohols, u*^^^^^^^^^ 

hutanediol, bexanediol. ^"^^^^^ ,ycero,, trimetbyl 

oxyetnylene units, n-peMV^^^^^^^^ ; p„„esters of alipbat,c 

25 propane, pentaerythritol, sorb.ol w * ^^.^ 

:ols and polyois togetber ".a. - ^ p^rts 

by weight, preferably 0.1 to 
of rubber. 
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„Hs according to the present invention can also 
The rubber ^^^..^ suitable vulcanization 

oontain vulcanization --'-^^^Z^^'^,,, ^ercaptosuHenanrides, 
3cce,erators are e.. --P-^— ureas, thiocarbonates and 
g,3,iaines,tbiuran,s,dith,ocarba-t-^^^^^^^ 
ditbiophospbates Thevu,can,zat,on cce a 

pe— orotbercross,inK.ga9-^^^^^^^^ 

diisocyanate {= Desmodur TT) ■ p^^s by 

produced by mixing the md,v ^^^^^^^^^ 

33 rolls, internal mixers or -n^ eO to 180=C. 

compounding temperature are t^e ^ ^ 

prefabricated mixtures °' J^" ^^sterbatches can be 

.asterbatches, can ,e latices ot 

p.eparedinthe,atexstateyor x mp ^^^^ 

.ncrosslinked rubbers and of rubbe g „„,entionally by 

„asterbatches prepared in th,swa^^ -^^^^^^ 

— rsir^^^^^^^^^^^^^^ 

working it up. impounds according to the present 

„5 vulcanization of the rubber compoun 

.vention is performed .no to aOO bar. 
preferably 1 30 to 1 80 "C, °P*-;"^; ^j;^^ „,,er compounds to 
The invention also provides the us of ^^^^^ ^^^^^^ 

produce rubber vuicanlzates that can be used to 

30 rubber articles. 
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ooverl.gs, conveyor be. oover.ngs, ^ .^^ ^^^^^^,,3, 

cores, s.oe soles ana va.ous co.pounas 
,,eoarcasses,sub,readcon,poun^sa'^^^^^ 

3.epa«suita.Mor^r^^^^^^^^^^^^^ 
emergency — propen.es 

nels and gel/rubber masterbatches 
Tbe production of me '^^^^^^^^J^^^ ^^^.^.ere in detail. For 

^^^"^"^ 

eaon.stne..— 

contains SBRge, and NR in ti.ewe.gbt-^ »^^ 

.asterbatcb are produced -J^^ -^^,^,^ ..ow. 
Cnaracteristlc product data are presented 1 

KA8648,47istbeNRmasterbatc o aBRg ^^^^^^^ 

^^^^^^^^ 

'^^^r::::a:;:srtr::etabiebe^ 

Characteristic product data are p 
lABLEJ. 
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MR master 
batch 



iKAl6507TL 



fproportions 
by weight 
of gel/NR 

^0^30^ 
^O/BO' 



T5I 56_ I ao- 
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,ormu,at,ons below 

were compounded on a roll in the specified sequence, vulcanized and 
characterized: 

Compound series A: 

,n *is senes Of compounds, it is demonstrated that the p« 

t^ehavior (compound viscosity ML 1.4/100X and Mooney relaxation MR 
, and mect,anica, properties, particularly S,„„ x D and tt,e tear s« 
of rubber compounds containing BR gels and silica are .mproved both by 
additions Of resorcinol and by additions of resorcino, and hexamethyiene 
tetramine. 



lABLE^ 




1) 

15 2) 
3) 
4) 



SMR 5 (standard Malaysian rubber) 
Star-branched polybutadiene rubber from Bayer AG 
Bis(triethoxysilylpropyl disulfane) (Si 69^ from Degussa AG) 
cooled melt of 66.5 % resorcinol and 33.5 % stearic ac.d 
(Cohedur® RS from Bayer AG) 
Mineral oil-based plasticizer 



Mo6686 



6) 
7) 

5 8) 
9) 

10 



Bayer AG) amorphous silica 

. Hexamethy,enetetraminew.*3wt./oa 

(Cohedur»H 30 from Bayer AG) 

.re used to characterize the properties of 

*e uncrossiirrked compound. J 
,e,axat,on MR 30 and Mooney scorch at130 
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After 15 min vulcanization at 165°C, the following test results were 
obtained for the above compounds: 



TABLE 4 



Compound No.: 




2 


3 


4 


Tensile strength [MPa] 


7 3 


7.8 


8.1 


9.3 


Elongation at break [%] 


1 70 


190 


140 


175 


Modulus/50% [MPa] 


1 9 


2.0 


2.7 


2.2 


Modulus/1 UUvo LMMaj 


3.6 


3.6 


5.3 


4.3 


Shore-A hardness, 23°C 


68 


69 


75 


72 


Shore-A hardness, 70°C 


67 


68 


74 


71 


Impact resilience, 23°C [%] 


60 


57 


58 


56 


Impact resilience, 70°C [%] 


73 


69 


71 


68 


Goodrich flexometer delta T [°C] 


12.8 


12.8 


14.3 


13.9 


Goodrich flexometer T [°C] 


122.9 


130.1 


126.2 


125.8 


tan 6/60 °C 


0.047 


0.053 


0.040 


0.047 


Sioo X D 


612 


684 


742 


752 



5 Compound series B: 

In this series of compounds, it is demonstrated that the processing 
behavior (compound viscosity ML 1+4/100°C and Mooney relaxation MR 
30) and mechanical properties, particularly Sioo x D and the tear strength 
of silica-free rubber compounds containing either BR gel or SBR gel are 

1 0 improved both by additions of resorcinol and by additions of resorcinol and 
hexamethylene tetramine. 
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TABLE 5 
Compound no.: " 



Natural rubber 



74 



SBR gel KA 8650/19 (50 wt.% in 
NR) 



Cai^onblackNJ^SO 
Coresin 



Cohedur RS 



Renopol L 



Zinc oxide 



Stearic acid 



TMQ^ 
6PPD 



[ 120 



1.5 



Sulfur 



CBS ' 



Cohedur H 30^ 



2.5 



2.5 



3 



1.5 



120 



1.5 



2.5 



2.5 



2.5 



1.5 



2.5 



1) 
2) 

5 3) 

4) 
5) 

10 6) 



8) 



15 



SMR 5 (standard Malaysian rubber) 

Condensation product of t-butyl phenol and acetylene 

Cooled melt of 66.5 % resorcinol and 33.5 % stearic acid 

(Cohedur® RS from Bayer AG) 

Mineral oil-based plasticizer 

2,2,4-trimethyl-1 ,2-dihydroquinoline (Vulkanox® HS from 
Bayer AG) 

N-1 ,3-dimethylbutyl-N'-phenyl-p-phenylene diamine 
(Vulkanox® 4020 NA from Bayer AG) 

N-cyclohexyl-2-benzothiazyl sulfenamide (Vulkacit® CZ from 

Bayer AG) 

Hexamethylene tetramine with 3 wt.% amorphous silica 
(Cohedur® H 30 from Bayer AG) 



The following quantities were used to characterize the properties of 
the uncrossiinked compound: Mooney viscosity ML 1+4 (100°C); Mooney 
relaxation MR 30 and Mooney scorch at 130°C. 
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TABLE 6 



Compound no.: 


5 


6 


7 


8 


ML 1+4 (100°C) [ME] 


15.9 


22.3 


20.4 


28.1 


MR 30 [%] 


1.3 


1.3 


1.0 


2.1 



After 15 min vulcanization at 165°C, the following test results were 
5 obtained for the above compounds: 
TABLE 7 



Compound no.: 


5 


6 


7 


8 


Tensile strength [MPal 


6.4 


5.5 


12.4 


11.9 


Elongation at break [%] 


160 


165 


250 


255 


Modulus/50% [MPa] 


1.6 


1.3 


2.4 


2.0 


Modulus/100% [MPal 


3.5 


2.6 


4.4 


3.4 


Shore-A hardness, 23°C 


65 


61 


74 


68 


Shore-A hardness, 70°C 


64 


61 


67 


63 


Impact resilience, 23°C \%] 


58 


60 


33 


35 


Impact resilience, 70°C [%] 


73 


76 


60 


65 


Goodrich flexometer delta T [°C] 


6.0 


5.3 


10.6 


9.0 1 


Goodrich flexometer T \°C] 


110.6 


106.4 


118.5 


117.7 


tan 6/60°C 


0.027 


0.017 


0.079 


0.053 


Sioo X D 


560 


429 


1100 


867 



Although the invention has been described in detail in the foregoing 
for the purpose of illustration, it is to be understood that such detail is solely 
1 0 for that purpose and that variations can be made therein by those skilled in 
the art without departing from the spirit and scope of the invention except as 
it may be limited by the claims. 



